Many coral reef communities thriving in inshore coastal waters characterised by chronically high 23 natural turbidity (>5 mg.l -1 ) have adapted to low light (<200 µmol photons m -2 s -1 ) and high 24 sedimentation rates (>10 mg.cm 2 .day -1 ). Yet, short (hours) acute sediment stress events driven by 25 wind waves, dredging operations involving suction or screening, or shipping activities with vessel 26 wake or propeller disturbance, can result in a rise in turbidity above the natural background level. 27
Abstract 22
Many coral reef communities thriving in inshore coastal waters characterised by chronically high 23 natural turbidity (>5 mg.l -1 ) have adapted to low light (<200 µmol photons m -2 s -1 ) and high 24 sedimentation rates (>10 mg.cm 2 .day -1 ). Yet, short (hours) acute sediment stress events driven by 25 wind waves, dredging operations involving suction or screening, or shipping activities with vessel 26 wake or propeller disturbance, can result in a rise in turbidity above the natural background level. 27
Although these may not be lethal to corals given the time frame, there could be a considerable impact 28 on photo-trophic energy production. A novel sediment delivery system was used to quantify the 29 effects of three acute sediment resuspension stress events (turbidity = 100, 170, 240 mg. l ). Merulina was the least tolerant to acute sediment 36 resuspension with a photosynthesis and respiration ratio (P/R ratio) of <1.0 when turbidity levels 37 reached >170 mg.l -1
Introduction 43
Acute sediment stress is caused by short, high turbidity events which can range in severity (50 to 44 >500 mg.l -1 suspended sediment concentration) and duration (minutes to hours; e.g. Wolanski with average visibility reduced from 10 m (1960s) to less than 2 m (Chou 1996). The severity and 66 duration of acute sediment stress events is also highly variable, and is dependent on the driver, 67 sediment type and local hydrodynamic conditions (currents, natural wind waves, ship-wakes etc.). In 68 exposed regions, wind driven waves can resuspend sediments and increase the suspended sediment 69 , are commonly associated with dredging activities (Wolanski & Gibbs 1992) . In Papua 73
New Guinea, SSC of >25 mg.l -1 were recorded over coral reefs for 10-60% of the time (18 months in 74 total) during mining operations, with short lived peaks (< hour) reaching 500 mg.l -1 (Thomas et al. 75 2003) . The frequency, severity and duration of acute sediment stress events combined with the 76 chronic background turbidity regime will influence coral survival and growth. partial coral mortality. In contrast, we aimed to quantify the influence of acute sediment resuspension 100 stress events (i.e. a short, non-lethal event) on coral photo-physiology by measuring both the yield andhighest turbidity, was closely matched by combining commercially available particle sizes of silicon 154 carbide powder (Kemet Fareast Pte Ltd) following Lui et al. (2012) . The resulting silicon carbide mix 155 contained particle sizes ranging from 1 µm to 300 µm, and had a median particle size of 60 µm (Fig.  156 2). 157
Silica carbide has been used for this purpose with success in a number studies that investigated the 158 effects of sediment stress on corals (e.g. sediments had have been used, but also consider this to be a lesser influence on coral photosynthesis 169 given the low light levels (PAR), high turbidity and sedimentation rates replicated in this study. 170
However, given the lack of confounding factors associated with silicon carbide, our data may 171 underestimate the impacts of sediment on the respiratory and photosynthetic physiology of these 172
corals. 173 174

Experimental design 175
The mesocosm chambers were placed into 300 L water baths through which sea water flowed at a 176 constant rate of 5 L.min For each coral species, four fragments from six colonies (24 fragments per species) were exposed to 187 an acute sediment stress event. One fragment of each coral species was randomly selected and placed 188 on the plastic grid platform in the mVoRT two hours before the experiment commenced. Given the 189 large number of fragments tested (n=72) and limited number of chambers (12), the experiment was 190 run twice every week: each time 36 fragments were tested (3 per chamber). .h -1 ) were calculated at the 205 end of the experiment from a 4 cm diameter plastic disc placed on the plastic grid. During week 1, 206 the corals were not subjected to a sediment event (no air burst), but remained in the chambers for 4 h 207 prior to physiological analysis. During weeks 2 to 4, corals were subjected to four air bursts (at 0 208 min, 30 min, 60 min, 90 min) which forced sediments up the central tube creating a sediment 209 resuspension event and reducing light penetration (Fig. 3) . Prior to the experiment, several calibration 210 tests were performed to determine the length of air burst required to produce the required light, 211 turbidity and sedimentation rate. During the calibration tests, light levels were recorded, water 212 samples were taken and sedimentation rates were calculated. Corals in three of the twelve chambers 213 were used as controls. These corals were not subjected to sediments and light levels were maintained 214 at 145.4 + 1.3 µmol photons m -2 s -1
. 215
216
Physiological analyses 217
The net photosynthetic and respiration rate, and maximum photosynthetic yield (Fv/Fm) was 218 measured after the two hour acute sediment stress event. Photosynthesis and respiration were 219 measured using RESP-EDU, Loligo Systems respiratory system and software (AUTO-RESP, 220 Denmark). A circular respirometry chamber (1.5 L) was fabricated to accommodate the size of the 221 fragments and equipped with a flush pump and a circulatory pump to maintain continuous water flow. 222
The chamber was submerged in a 50 L water bath with running sea water, and temperature and 223 oxygen were recorded every 5 s on a data logger (DAQ-M, Loligo Systems). Light levels outside the 224 chamber were monitored using a cosine-corrected LI-COR probe (Li-192S) connected to a Li-1000 225 data logger. Oxygen consumption/production rate (mg O2 l -1 ) within the chamber volume (after 226 subtracting the volume of coral) was measured continuously for 5 min using a galvanic cell oxygen 227 probe (Loligo Systems), followed by a 2 min flush period. Photosynthetic rates were measured at 228 ~150 µmol photons m -2 s -1 and respiratory rates and the maximum photosynthetic yield were 229 (treatment, species) and random effects (individuals); repeated measures (weeks) were conducted 244 using the unstructured covariance matrix which allowed measures to be correlated and have equal 245 variance in the model. Carry-over effects are a potential risk in cross-over trials, but we considered 246 the risk of carry-over effects to be small given the long recovery period (one week) in between 247 treatments. The model used a restricted maximum likelihood (REML) iteration to estimate the 248 parameters of a linear expectation function containing both fixed and random effects. The output 249 provides a statistical test of the hypothesis that a given fixed parameter is significantly different from 250 zero. In this case, the model chose the high sediment treatment (treatment 4) and Platygyra as the 251 baseline categories, with a parameter estimate of zero, against which treatments 1, 2 and 3, and
252
Merulina and Pachyseris respectively, were statistically examined to determine if treatment and 253 species had a statistically significant effect on coral response. 254
255
Results
256
The LME model was used to examine if treatment had a significant effect on respiration, net 257 photosynthesis, the P/R ratio and photosynthetic yield a). within species and, b) the model was also 258 used to determine if the controls were significantly different over the four weeks. There was no 259 significant difference in the coral responses (respiration, net photosynthesis, yield) for the individual 260 fragments that were used in the control chambers between weeks (p>0.05), and no coral mortality was 261 observed during and following the experiment (several months). 262
Respiration rate 263
The mean O2 depletion rate (hereafter referred to as respiration) for all three species increased in the 264 high sediment treatment compared to baseline conditions measured in week 1: Merulina respiration 265 rates increased from -1.15 + 0.13 to -1.52 +0.18 µmol.cm .hr -1 (Table 1) . However, there was only a significant increase in the 268 rate for Merulina whose respiration was significantly greater than the baseline conditions from week 2 269 (treatment 2: p=0.004; Table 2 ) when corals where subjected to a low sediment stress event (Fig. 4a) . 270
In contrast, the rise in respiration was most pronounced between the medium and high sediment stress 271 event for Pachyseris and Platygyra (Fig. 4b and 4c ), but the rise in respiration was not significantly 272 different between weeks (p>0.05; Table 2) . 273
Net photosynthesis 274
The net photosynthesis declined for all coral species in the medium and high sediment treatments, .hr -1 in (Table 1, Fig. 4 ). However, 278 the decline from baseline conditions during both the medium and high turbidity treatments was only 279 significant for Merulina and Pachyseris (p<0.05; Table 2) . 280
P/R ratio
The P/R ratio for Pachyseris and Platygyra decreased as sediment load increased: the P/R ratio 282 declined from 1.25 + 0.11 to 1.18 + 0.1 and from 1.52 + 0.14 to 1.24 + 0.11 for Pachyseris and 283
Platygyra respectively (Table 1; Fig. 5 ), however, this was not significant. In contrast, the P/R ratio 284 was significantly lower for Merulina between weeks 2 and 3 (p<0.008; Table 2) when the P/R ratio 285 fell from 1.3 + 0.02 during the low sediment stress event to 0.95 + 0.01 during the medium sediment 286 stress event. The P/R ratio fell further during the high sediment stress event (0.93 + 0.02). 287
Maximum photosynthetic yield 288
The maximum photosynthetic yield did not vary significantly for Merulina over the course of the 289 experiment, however, there was a significant increase in the yield for Pachyseris and Platygyra. The Table 3 ). In contrast there was no consistent and significant difference in the net photosynthetic 298 rate among species (p>0.05). However, the P/R ratio of Merulina (0.93+ 0.16) was significantly 299 lower than both Pachyseris (1.18 + 0.16) and Platygyra (1.24 + 0.11), and the maximum 300 photosynthetic yield of Platygyra (0.65 + 0.14) was significantly higher than for Merulina (0.57 + 301
0.02). 302 303
Discussion 304
Acute sediment stress events are energetically expensive for corals as they limit light and reduce 305 energy production from photo-trophy. This paper quantifies the reduction in energy production . The data suggests that Merulina is the least 328 tolerate to sediment stress events given that the net photosynthetic rate was negative (<-0.12 µmol.cm ) and the P/R ratio was <1.0 i.e. the coral was using more energy than it was producing. In 330 contrast, Platygyra was the most tolerant to sediments as its net photosynthetic rate declined the least 331 during the high sediment treatment, and remained high (0.25 µmol.cm 
). 333
The decline in net energy production for the three coral species was largely due to the reduction in 335 photosynthesis, driven by high turbidity and limited light, and not by increasing respiration rates. It is 336 well known that sediments can severely affect the coral energy budget by both reducing 337 photosynthesis and increasing respiration rates, the latter due to increased energy expenditure as 338 and exposure (6 h to 90 h), recovered to pre-treatment fluorescence levels within 48 h following 363 exposure. Given that the sediment conditions to which the corals were exposed to in this study were 364 considerably less stressful, a carry-over effect from week to week is unlikely. 365
The rise in the maximum quantum yield of Platygyra and Pachyseris occurred over a considerably 366 short timescale (hours), suggesting that some corals are responding and rapidly acclimating to 367 reductions in light. Seasonal and daily changes in the quantum yield have been observed with higher 368 maximum quantum yields recorded during the winter months, when surface irradiance levels were 369 reduced (Warner et al. 2002 , Winters et al. 2006 , and higher effective quantum yields during the day 370 when turbidity levels have increased (Piniak & Storlazzi 2008 ). Yet, there is limited evidence that the 371 maximum quantum yield can increase/decrease over a matter of hours, as this study suggests is 372 possible. A comparable rapid change in both the maximum and effective quantum yield of corals was 373 observed in the field in a study by Brown et al. (1999) . In this study, maximum quantum yield 374 declined rapidly from dawn to midday as light levels increased, recovering to dawn levels by early 375 evening, illustrating diurnal patterns of dynamic photo-inhibition as a means of protecting 376
Photosystem II. During photo-inhibition, Fo (defined as the minimum fluorescence yield when all 377
reaction centres are open in the dark adapted state) declines which, it is believed, dissipates excess 378 energy within the light harvesting antennae. The rate and scale with which a coral can photo-379 acclimate to low light levels, will determine the energy output from photosynthesis and, as such, their 380 tolerance to sediments. 381
The rapid photo-acclimatory abilities of Pachyseris and Platygyra have enabled these two coral 382 species to maintain a positive carbon budget, whereas Merulina, whose yield did not change, entered 383 into a negative carbon budget state. Linking rates of oxygen production and carbon assimilation to 2006). In this study, we were well within the lower light levels where oxygen production and yields 390 are typically coupled. As such we can assume that higher yields measured in Pachyseris, and 391 particularly in Platygyra, will provide these corals with more energy from photosynthesis, and enable 392 them to survive acute sediment stress events. 393
Carbon assimilation from photosynthesis (and heterotrophy) in corals is used for a number of 394 important functions including growth, immunity and reproduction, as well as for sediment removal in 395 turbid waters. Sediment removal from the coral surfaces is achieved by both active mechanisms that 396 require energy, as well as passive mechanisms that depend on coral morphology and corallite 397 The benefits of heterotrophy are likely to function over longer timescales (>2 hours) thereby having 421 limited influence on the immediate oxygen production rates following an acute sediment stress event. 422
However, the combined influence of an immediate reduction in photosynthesis and carbon 423 assimilation during an acute sediment stress event with an assessment of heterotrophic feeding in the 424 proceeding hours will provide a detailed assessment of the carbon source and its production over time. 425
426
The continual rise in human utilisation of the coastal zone will lead to an increase in the frequency 427 and severity of acute sediment stress events in coastal regions (Nicholls et al. 2007 ). As such, an 428 improved knowledge on how corals respond immediately after an acute sediment stress event, will be 429 critical in assessing their longer-term survival within a variable sedimentary regime. Those corals that 430 can rapidly photo-acclimate and maintain a high level of photo efficiency, critical for maintaining a 431 positive carbon energy balance during low light conditions, will be better equipped to handle the 432 increased energy costs associated with sediment removal, and may also still be able to grow and 433 reproduce. In this study, of the three species tested, Platygyra was least influenced by the sediment 434 resuspenion events and maintained a positive carbon energy budget. In contrast, based on the 435 negative carbon energy budget observed during the medium and high sediment stress events, 436
Merulina was the most influenced. Data on the fluorescence yield suggested that it may be the rapid 437 photo-acclimation abilities of Platygyra that enabled it to maintain a positive carbon budget during 438 the acute sediment stress events. In summary, our results illustrate that turbid water corals show 439 species specific variability in their photo-physiology and energy production in response to acutesediment stress events of a short duration, and hence highlight the potential importance of such events 441 in structuring future coral populations in areas most heavily impacted by anthropogenic disturbances. 
